To evaluate historical exposure from wood treatment facilities, blood samples were collected from 65 current and past residents of four communities surrounding wood treatment facilities throughout the United States. The pattern of dioxin/furan congeners detected in blood samples was found to be consistent with exposure to contaminants generated during the wood treatment process. The levels of 2,3,7,8-tetrachloro-p-dibenzodioxin toxic equivalents (2,3,7,8-TCDD TEQs) for all 17 carcinogenic dioxin/furan congeners, octa-chlorinated dibenzop-dioxins (OCDD) adjusted to its TEQ value and 1,2,3,4,6,7,8-hepta-chlorinated dibenzo-p-dioxin (1, 2, 3, 4, 6, 7, adjusted to its TEQ value in the U.S. population were compared to the TEQ levels of the combined dataset for all 4 communities and of the datasets for each individual community. TEQ concentrations in these communities were found to be significantly greater than the TEQ data for the general U.S. population. These findings reveal that a very significant potential for contaminant-related health risks exists in communities surrounding wood treatment facilities.
Introduction
In this study, total 2,3,7,8-tetrachloro-p-dibenzodioxin toxic equivalents (2,3,7,8-TCDD TEQs) (all 17 carcinogenic dioxin/furan congeners), octa-chlorinated dibenzo-p-dioxin (OCDD) (adjusted to its TEQ value), and 1,2,3,4,6,7,8-heptachlorinated dibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD) (adjusted to its TEQ value) in blood for residents living in four communities including Alexandria, collected data on 135 chemicals. The data was yet again updated in 2003-2004 [15, 16] .
The NHANES dataset was used as descriptive reference statistics for 2,3,7,8-TCDD TEQ in blood-lipid in the U.S. population. The results of blood sampling in the communities adjacent to the wood treatment facilities were compared to the NHANES dataset and found to be significantly greater than the 2,3,7,8-TCDD TEQ concentrations in the NHANES dataset.
Materials and methods

Blood sampling and analysis
Blood samples were collected from 65 current and past residents of the communities immediately surrounding wood treatment facilities and analyzed to evaluate levels of dioxins and furans. Samples were then shipped to Severn Trent Laboratories (STL) in Sacramento, CA for analysis.
In accordance with USEPA Method 8290, STL used high-resolution gas chromatography (HRGC)/mass spectrometry (HRMS) to analyze the blood samples. Each serum sample was spiked with 13 C 12 -labeled internal standards prior to extraction. A DB-5 capillary column was used to separate the target analytes. Each sample batch included a Method Blank (MB), a Laboratory Control Sample (LCS), and the unknown serum samples. Blood lipid content was determined gravimetrically. Data was reviewed using comprehensive multitiered quality assurance and quality control procedures.
To efficiently evaluate mixtures of PCDD/Fs, Toxic Equivalency Factors (TEFs) were developed [17] . TEFs establish the toxicity of the different congeners in relation to 2,3,7,8-TCDD for use in evaluating human health concerns. The EPA has determined that TEFs are currently the best method for evaluating complex mixtures of PCDD/Fs. The concentration of each PCDD/F is multiplied by its respective TEF to obtain a 2,3,7,8-TCDD toxic equivalents (TEQ) value [18] . These individual TEQs are then summed to provide a total dioxin TEQ value [19] . TEQ values for individual congeners can also be calculated by multiplying the concentration of the congener by the TEF value. The two individual congeners evaluated in this study are OCDD and 1,2,3,4,6,7,8-HpCDD with TEF values of 0.0003 and 0.01 respectively.
NHANES data set analysis
The 2003 to 2004 NHANES data for dioxins and furans was downloaded from the CDC website [15] . The data was downloaded in SAS format, but converted to Microsoft Excel format using SYSTAT 11.0 statistical software package. The detection limit over the square root of two was substituted for concentrations below the detection limit in all calculations. The CDC uses this method to analyze the NHANES dataset [20] . 2,3,7,8-TCDD TEQs were calculated for the data using the WHO 2005 TEF values and total dioxin TEQs were summed for each individual. Congener specific analysis was also conducted by calculating TEQs for OCDD and 1,2,3,4,6,7,8-HpCDD. The data was then filtered for males and females 25 to 88 years of age to correspond with the complete dataset of all four communities. The data was also filtered for individuals 44 to 88 years of age for the Grenada dataset, 34 to 72 years of age for the Pineville dataset, 37 to 79 years of age for the Alexandria dataset, and 25 to 76 years of age for the Florala dataset to correspond with the individual community datasets. The use and incineration of PCP and creosote-treated wood products creates highly chlorinated dioxin and furan congeners, such as the signature congeners OCDD and 1,2,3,4,6,7,8-HpCDD [5] [6] [7] [8] [9] . Therefore, these congeners were isolated from the NHANES dataset for statistical analysis. TEQs were then used to calculate the sum, mean, maximum, minimum and other summary statistics for all congeners and specific congeners in lipid-adjusted serum concentration data.
Statistical analysis
Statistical analysis of the datasets was used to determine if the cohorts' total 2,3,7,8-TCDD-TEQ, OCDD (adjusted to its TEQ value) and 1,2,3,4,6,7,8-HpCDD (adjusted to its TEQ value) blood lipid concentrations are statistically different and greater than the general US population of the same age range. The Statistics Online Computational Resource (SOCR) software [21] developed by the University of California, Los Angeles was used for the analysis of the data. The combined four communities, individual community and NHANES datasets are not normally distributed. Therefore, the Wilcoxon rank-sum test, a nonparametric test for assessing whether two samples of observations come from the same distribution, was used to evaluate the datasets.
The Wilcoxon rank-sum tests the null hypothesis that the two sample sets are drawn from a single population, and therefore their probability distributions are equal. The samples must be independent, and the observations must be continuous measurements. The Wilcoxon rank-sum test generates a z-score and p-value for the datasets. A large positive or negative z-score indicates that group A (or B) values exceed the group B (or A) values respectively. The p-value is the probability that two groups of datasets come from the same population [22] .
Statistical analysis was performed for total 2,3,7,8-TCDD TEQ (all 17 carcinogenic dioxin/furan congeners), OCDD (adjusted to its TEQ value), and 1,2,3,4,6,7,8-HpCDD (adjusted to its TEQ value) blood lipid concentrations for the combined four communities and the individual communities against the NHANES dataset. The age-range of the NHANES dataset was adjusted to match each comparison group.
Results and discussion
The results of the statistical analysis of the total 2,3,7,8-TCDD TEQ (all 17 carcinogenic dioxin/furan congeners), OCDD (adjusted to its TEQ value), and 1,2,3,4,6,7,8-HpCDD (adjusted to its TEQ value) blood lipid concentrations demonstrate that the populations surrounding the wood treatment facilities combined and individually have statistically higher TEQs in blood lipid than the general population of the U.S. of the same age range (p<0.05). Table 1 presents the data statistical summary for the communities and NHANES TEQ blood lipid data. Table 2 presents the Wilcoxon rank-sum test data outputs comparing the NHANES dataset to the combined four communities and the four individual community TEQ blood lipid datasets. the risk of developing adverse health effects since these chemicals may have additive and synergistic properties [27] . Similar to other studies that have investigated exposure from residing near wood treatment facilities, the levels of dioxins, furans, and PAHs found in human blood in this study further demonstrate that the residential areas have been and are being exposed to potentially unsafe levels of these contaminants due to past management practices of these wood treatment facilities. The pattern of dioxins and furans found in the blood samples is consistent with dust generated during the incineration of PCP and creosote-treated wood. The residents near the wood treatment facilities also have statistically higher concentrations of 2,3,7,8-TCDD TEQs in blood for all carcinogenic dioxin/furan congeners and for the specific congeners associated with PCP than the general population of the U.S. of the same age range. Furthermore, considering dioxin's long half-life in blood, these concentrations are even more significant. Comparing the exposure of residents around these similar sites gives insight into the pattern of exposure that communities adjacent to other wood treatment facilities might experience.
